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Abstract

Background: Enhanced recovery after surgery (ERAS) protocols were rapidly adopted in many surgeries such as
fast-track arthroplasty. The study aimed to investigate the impact of ERAS protocols on the clinical effect of total knee
arthroplasty (TKA) via the midvastus approach.

Methods: A total of 69 patients who underwent primary unilateral TKA via the midvastus approach from October
2018 to June 2019 were enrolled and randomly divided into two groups: ERAS group and Control group. The ERAS
protocols were adopted for the ERAS group and consisted of pure juice drinking 2 h before the surgery, optimiza-
tion of the preoperative anesthesia plan, phased use of tourniquets, and the use of tranexamic acid as well as a drug
cocktail. The operative time, first postoperative walking time, first straight leg elevation time, postoperative hospitali-
zation time, visual analogue scale score (VAS score), Hospital for Special Surgery score (HSS score), conventional Knee
Society score (KSS), and knee range of motion (ROM) were used to assess the clinical effects in the two groups. All the
included patients were followed up for 12 months.

Results: There were no significant differences in the basic demographic information and operation time between
the ERAS and Control groups (P> 0.05). The first postoperative walking time (2.11 4+ 0.11 h) and first postoperative
straight leg elevation time (6.14 £ 1.73 h) in the ERAS group were significantly earlier than those in the Control group
(P<0.001) and the postoperative hospitalization time was significantly shorter (3.11 £0.32 days). The postoperative
mean VAS scores in both groups were significantly reduced compared with those before surgery (P<0.001). The VAS
scores for the ERAS group were significantly lower than those for the Control group at 1, 2, and 7 days after surgery
(P<0.001). The mean HSS scores, KSS, and knee ROM were significantly increased in both the ERAS and Control
groups at 1, 3,6, and 12 months after surgery (P<0.001). In addition, the HSS scores, KSS, and knee ROM in the ERAS
group were significantly higher than those in the Control group at 1 month after surgery (P<0.001).

Conclusions: ERAS protocols improved the clinical effects of TKA via the midvastus approach, facilitating early out-
of-bed activity and comfortable postoperative rehabilitation exercise, and further increasing patient satisfaction.

Trial registration: ClinicalTrials.gov Identifier: NCT04873544.
Keywords: Midvastus, ERAS, Optimization management, TKA
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alleviate pain symptoms and improve knee function [1].
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Knee functional activities may be limited to a certain
extent after TKA, especially when a kneeling or squatting
position is involved [2]. The reported dissatisfaction rate
after knee replacement is as high as 19%, with 14-28%
of dissatisfaction attributed to pain relief and 16-30% to
knee function recovery [3]. Patients with more surgical
satisfaction generally indicated that their knee pain and
function improved after surgery, while those with less
surgical satisfaction indicated that their symptoms and
functional limitations were not completely resolved [4].
However, residual pain and persistent dysfunction after
TKA are not uncommon [5]. Conventionally, TKA with
the medial parapatellar approach can damage the quadri-
ceps femoris tendon. The weakening of the extensor
device may cause quadriceps femoris muscle weakness
and femoral pain after surgery, which will in turn limit
early rehabilitation exercises. Chareancholvanich et al.
[6] found that the length of the quadriceps incision could
impact the postoperative muscle strength, postoperative
pain, and swelling of the knee joint. Specifically, if the
quadriceps incision length was controlled within 4cm,
the postoperative recovery of the quadriceps strength
was not significantly affected during the perioperative
period.

In 1997, Kehlet et al. [7] first proposed the concept of
enhanced recovery after surgery (ERAS). ERAS protocols
were rapidly adopted in many surgeries such as fast-track
arthroplasty with the goal of reducing surgical trauma
and the length of hospital stay and hastening postopera-
tive recovery [8, 9]. Minimally invasive approaches for
TKA include the midvastus approach, medial subvastus
approach, and lateral subvastus approach [10]. Each TKA
approach had different advantages and disadvantages,
and the ERAS protocols have been confirmed to pro-
mote early recovery from lower extremity joint arthro-
plasty [11]. In this study, a randomized controlled study
was conducted to investigate whether our ERAS proto-
cols in TKA via the midvastus approach would affect: (1)
the postoperative hospitalization time; (2) the operative
time, first postoperative walking time and first straight
leg elevation time; (3) visual analogue scale score (VAS
score), Hospital for Special Surgery score (HSS score),
conventional Knee Society score (KSS) and knee range of
motion (ROM).

Methods

Inclusion and exclusion criteria

This study adheres to CONSORT guideline and was reg-
istered in the ClinicalTrials.gov (registration number:
NCT04873544). The clinical trial was approved by the
local ethics board (ethics number: KY20170418-02),
and written informed consent was obtained prior to the
enrollment. All the methods were conducted according
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to the CONSORT 2010 statement. The inclusion crite-
ria for this study were as follows: 1) unilateral primary
knee osteoarthritis; 2) varus, valgus, and flexion contrac-
ture deformity of the knee joint <10° 3) the ROM of the
knee joint was >80 4) body mass index (BMI) < 30; 5) no
previous history of knee surgery on the affected side; 6)
agreed to participate in the trial. The exclusion criteria
for this research were as follows: 1) rheumatoid arthritis;
2) extra-knee deformity; 3) simultaneous bilateral knee
arthroplasty; 4) severe dysfunction of the liver, kidney,
and blood system; 5) severe cardiovascular diseases; 6)
gastrointestinal ulcer; 7) other medical conditions like
nausea, vomiting, snoring, and allergy to related analge-
sic drugs.

Grouping, randomization and outcomes

A total of 84 patients from the outpatient department
were included in this trial. The recruited patients were
randomly divided into two groups using sealed enve-
lopes opened before surgery, namely the ERAS group
and control group. All TKA surgeries were performed
by the same team of surgeons. All patients received an
Evolution® medial pivot prosthesis from MicroPort, Inc.
(Arlington, TN). All patients were treated with the mid-
vastus approach. The researchers who performed ran-
domization and outcome measurements were different
from the surgeons who conducted the TKA. The primary
outcome was the postoperative hospitalization time and
the secondary outcomes were the operative time, first
postoperative walking time, first straight leg elevation
time, VAS score, HSS score, conventional KSS and knee
ROM.

Preoperative preparation and evaluation

Preoperative anteroposterior and lateral X-ray films of
the targeted knee joints, full-length X-ray films, and 3D
computed tomography (CT) of both lower extremities
were conducted for both groups. Thus, we could accu-
rately measure the alignment of the lower limbs before
TKA, which was beneficial for the selection of the oste-
otomy angle during the surgery. According to the guide-
lines from the European Society for Clinical Nutrition
and Metabolism in 2017 [12], patients in the ERAS
group could drink 200ml of slag-free 100% pure fruit
juice (Weiquan daily C series juice, containing 12.4g of
carbohydrate per 100ml) 2h before the operation. The
carbohydrate content of the drink in the ERAS group
was similar to that of the commonly used preOp® drink
from the Nutricia company in the Netherlands [13], and
the gastric residue was further evaluated by ultrasound
before anesthesia. The contraindications for preoperative
oral beverages were reflux esophagitis, gastric motility
disorder, special gastrointestinal surgery history, previous
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or current symptoms of digestive tract obstruction, and
diabetic patients with poor preoperative blood glucose
control. Patients in the ERAS group were anesthetized
with ultrasound-guided adductor canal block (block-
ing the saphenous nerve), combined with the popliteal
artery and capsule of the knee (IPACK) block (blocking
the branches of the tibial nerve, common peroneal nerve,
and obturator nerve). General anesthesia with a laryn-
geal mask airway was also adopted during the operation
to achieve sufficient analgesia, appropriate sedation, and
full muscle relaxation. In the Control group, preopera-
tive fasting and abstinence from drinking were routine,
and general anesthesia with a laryngeal mask airway was
adopted.

Surgical procedure

Leg lifting was used to drive the blood during the opera-
tion in both groups. In the ERAS group, a tourniquet
was applied periodically (no tourniquet was used from
the skin incision to osteotomy, and a tourniquet was
used from the installation of the prosthesis to wound
suture and bandage). In the Control group, a tourniquet
was used during the entire surgical process after 30s of
leg lifting to expel blood. None of the patients received
a patellar replacement, and no drainage tube and ure-
thral catheter were placed after the operation. The skin
was sutured intradermally without removing the stitches.
The patients in both groups received 1g tranexamic acid
by intravenous drip 30min prior to the operation and
0.5 g tranexamic acid by local irrigation. All TKA surger-
ies were performed by the same team of surgeons. All
patients received an Evolution® medial pivot prosthesis
from MicroPort, Inc. (Arlington, TN).

All included patients were treated with the midvas-
tus minimally invasive approach as follows: an ante-
rior median incision (starting from the upper edge of
the patella and ending on the medial side of the tibial
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tubercle, the length of the incision was about 10-11cm)
was made in the targeted knee. After exposure, an
oblique vastus medialis incision 1-2cm in length was
made 30 degrees along the superior pole and longitudi-
nal axis of the patella. Then, the joint cavity was exposed
through the medial parapatellar incision. The quadriceps
femoris and patella were pushed to the outside without
turning over the patella.

During the operation, the “moving window” technique
was used to expose the operated area in turn, and the
gap balance technique was used to complete the oste-
otomy and soft tissue balance. After confirming the bal-
ance of knee flexion and extension, the knee prosthesis
was installed using cement fixation. Then, the patella
surface was formed and peripheral denervation was per-
formed. The prepared “cocktail” (0.75% ropivacaine 20 ml
(150 mg), dexamethasone 1 ml (5mg), and normal saline
added up to 60ml) was injected into the joint capsule,
extensor device, patellar ligament, muscle, and subcu-
taneous tissue around the knee joint. The incision was
sutured layer by layer without drainage tubes, and the
skin was sutured intradermally and bandaged with elastic
bandage (Fig. 1).

Postoperative management and evaluation

At the end of the surgery, all patients were connected
to an electronic patient-controlled intravenous analge-
sia pump (PCIA pump) (loading dose: 5mg oxycodone,
single dose: 1 mg oxycodone, locking time: 5min, back-
ground infusion: 0.5ml/h). Patients in the ERAS group
drank pure fruit juice in the postanesthesia care unit
(PACU) and began to walk with a walking aid 2 h after the
operation. After returning to the ward, the patients were
instructed to perform ankle pumps, lower limb straight
leg raising exercises, and knee flexion and extension exer-
cises. The time of the first postoperative straight leg rais-
ing exercise was evaluated. Intravenous non-steroidal

W S

Fig. 1 The intraoperative photographs of TKA via the midvastus approach. a The oblique vastus medialis and medial parapatellar incision. b The
medial pivot knee prosthesis. ¢ The skin incision of 10-11cm in length was sutured intradermally without drainage tubes
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anti-inflammatory analgesics were routinely used. On
the first and second days after the operation, functional
exercises were conducted under the guidance of rehabili-
tation physicians, including quadriceps femoris muscle
strength exercises and knee flexion and extension exer-
cises. The patients were discharged about 3days after
the operation. They were prescribed oral non-steroidal
anti-inflammatory and analgesic drugs and instructed to
continue the rehabilitation exercises at home as required.
VAS scores were assessed on days 1 and 2 after the opera-
tion, as well as 1 week later in the outpatient department.
The VAS scores, HSS scores, KSS, and knee ROM were
evaluated in the outpatient department at 1, 3, 6, and
12 months after the operation.

The patients in the Control group underwent the same
rehabilitation procedures. However, on the first day after
the operation, the patients were encouraged to walk
with walking aids. On the second day, the patients began
functional exercises under the guidance of rehabilitation
physicians. The patients were mostly discharged 1week
after the operation and continued oral nonsteroidal anti-
inflammatory analgesics and rehabilitation exercises at
home under guidance. The VAS scores, HSS scores, KSS,
and knee ROM were assessed with the same protocols as
in the ERAS group.

Statistical analysis
SPSS 18.0 software was used for statistical analysis. The
chi-square test was used to compare the differences
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in gender between the ERAS and Control groups. The
measurement data were expressed in the form of the
mean *+standard deviation. Two independent samples
t-tests were used to compare the differences in the age,
BMI, operation time, postoperative first walking time,
postoperative first straight leg raising time, postopera-
tive hospital stay, VAS scores, HSS scores, KSS, and knee
ROM between the ERAS and Control groups. The VAS
scores, HSS scores, KSS, and ROM of the knee joint in
each group at different times were compared using one-
way analysis of variance (ANOVA), and P<0.05 was con-
sidered statistically significant.

Results

Demographic information

A total of 84 patients who underwent initial unilateral
TKA in the Department of Orthopaedic Surgery from
October 2018 to June 2019 were recruited from the out-
patient department. Fifteen patients were excluded, spe-
cifically four patients with rheumatoid arthritis, nine
with severe knee varus deformity, one with severe cardio-
vascular disease, and one with a history of gastrointes-
tinal ulcer. A total of 69 patients were randomly divided
into the ERAS group and the Control group (Fig. 2). The
ERAS group contained 35 patients, including 7 men and
28 women. The Control group contained 34 patients,
including 7 men and 27 women. There were no signifi-
cant differences in age, BMI, preoperative VAS scores,

Patients recruited for total knee arthroplasty (n=84)

v

Excluded (n=15)
Rheumatoid arthritis (n=4)
Severe knee varus deformity (n=9)
Severe cardiovascular disease (n=1)
History of gastrointestinal ulcer (n=1)

| Patients enrolled and randomized (n=69) |

Y

| ERAS group (n=35) |

| Control group (n=34) |

| Lost to follow-up (n=0) |

| Lost to follow-up (n=0)

| Analyzed (n=35) |

| Analyzed (n=34) I

Fig. 2 Flow diagram for patient enroliment
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HSS scores, KSS, and knee ROM between the ERAS and
Control groups (P> 0.05) (Table 1).

Clinical outcomes
There was no significant difference in the operation time
between the two groups (P>0.05). The intraoperative
blood loss in the ERAS group was significantly higher
than that in the Control group (negligible). The first post-
operative walk time, the first postoperative straight leg
elevation time, and the length of postoperative hospital
stay in the ERAS group were significantly shorter than
those in the Control group (P<0.001) (Table 2).

The mean postoperative VAS scores in both groups
were significantly lower than those before surgery and
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there were significant differences in the VAS scores
measured at 7 days and at 1 and 3 months after the opera-
tion (P<0.001). On the 1st, 2nd, and 7th days after the
operation, the VAS scores in the ERAS group were signif-
icantly lower than those in the Control group (P <0.001).
Additionally, the VAS scores of the ERAS group did
not significantly decrease on days 1-7 after the surgery
(P>0.05), whereas the VAS scores of the Control group
on day 2 after the surgery were significantly higher than
those on day 7 (P<0.001). There were no significant dif-
ferences in the VAS scores between the two groups in the
1-, 3-, 6-, and 12-month follow-up (P>0.05) (Fig. 3).

The average HSS scores, KSS, and knee ROM were sig-
nificantly increased in both the ERAS and Control groups

Table 1 Comparison of the baseline information between the ERAS and Control groups

Group Age (years) BMI (kg/m2) Preoperative VAS Preoperative HSS Preoperative KSS Preoperative knee
scores (points) scores (points) (points) range of motion
(degrees)
ERAS group 65.77£451 2666+ 1.19 55140.66 51.23+1.78 46.03£2.05 91.14+349
Control group  65.62+5.06 26914122 5744071 51.53+2.11 46.09+1.86 91.53+3.18

Statistic t=0.133,P=0894 t=-0.881,P=0382

t=—1342,P=0.184 t=-0641,P=0524 t=-0.126,P=0.900

t=—0480,P=0.633

Table 2 Comparison of the clinical outcomes between the ERAS and control groups

Group Operation time (minutes) Intraoperative The first postoperative The first postoperative The postoperative
blood loss (ml) activity time out of bed straight leg raising time hospitalization time
(hours) (hours) (days)
ERAS group 84.66+3.38 185.20+£9.70 211£0.11 6.14+£1.73 311+£032
Control group  83.85+4.14 134.564+13.51 1891£267 16.44£297 7.06£0.60
Statistic t=0.885,P=0.379 t=17.93,P<0.001 t=-37.26,P<0.00]1 t=—17.67,P<0.001 t=—34.14, P<0.001
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Fig. 3 The VAS scores pre- and post-TKA. (*** P<0.001)
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on the 1st, 3th, 6th, and 12th months after the surgery,
and were significantly improved compared with those
before the operation (P<0.001). In addition, the HSS
scores, KSS, and knee ROM in the ERAS group were sig-
nificantly higher than those in the Control group in the
1st month (P <0.001). On the 3th, 6th, and 12th months,
no significant differences were observed between the two
groups (P >0.05) (Fig. 4).

Discussion

Our present study demonstrated that patients following
the ERAS protocols could walk with a walking aid about
2h after surgery. Moreover, the ERAS protocols reduced
the first postoperative straight leg elevation time and the
average postoperative hospital stay, and improved the
early postoperative clinical scores and knee functional
activities within 1 month following TKA.

Conventionally, preoperative fasting and drinking
abstinence can effectively prevent the occurrence of
regurgitation and aspiration in patients undergoing elec-
tive surgery, but can cause discomfort such as thirst,
hunger, hypoglycemia, tension, and anxiety before and
after surgery [14]. With the development of ERAS, the
guidelines from the Society for Enhanced Recovery After
Surgery [15] and the European Society for Clinical Nutri-
tion and Metabolism [12] both recommend the intake
of carbohydrate drinks 2h before surgery. Carbohydrate
supplementation can increase glycogen reserves, improve
insulin resistance, keep the body in a state of anabolism,
and increase the comfort of the patients before and after
surgery. Currently, the most commonly used carbo-
hydrate drink is Nutricia PreOp® [12]. Soop et al. [16]
found that drinking 100 ml of Nutricia PreOp® 2 h before
the surgery could increase insulin sensitivity by 50%
immediately after the surgery. In this study, patients were
instructed to drink a dreg-free 100% pure juice drink 2h
before surgery. The drink in this trial had a carbohydrate
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content similar to that of Nutricia PreOp®, but was
cheaper and more easily accessible with satisfactory clini-
cal effects.

The goals of postoperative analgesia after TKA are to
effectively control the anterior and posterior pain in the
knee joint and to preserve the muscle strength as much
as possible, which can facilitate early functional exer-
cise. General anesthesia alone results in a high inci-
dence of postoperative nausea and vomiting due to the
large amount of opioids involved. Although peripheral
nerve block anesthesia alone has an obvious analgesic
effect, achieving satisfactory intraoperative analgesia is
difficult with only the nerve due to the rich peripheral
nerve innervation around the knee joint [17]. It has been
reported that an adductor canal block can effectively
control the anterior and medial pain in the knee joint by
blocking the saphenous nerve, but the effect is not suf-
ficient for controlling moderate to severe pain after TKA,
especially for the control of pain in the posterior of the
knee [18, 19]. By blocking the sensory branches behind
the knee joint, the IPACK block seemed to be a power-
ful and lasting method (effective analgesic time of a sin-
gle IPACK block is 8—12h) to control the pain behind
the knee without affecting the muscle strength below
the knee, which was conducive to early postoperative
functional exercise [20, 21]. In this study, patients in
the ERAS group were treated with an ultrasonic-guided
adductor canal block combined with IPACK block to
achieve precise anesthesia. Combined with the intraop-
erative general anesthesia with a laryngeal mask airway,
full analgesia, appropriate sedation, and adequate muscle
relaxation were achieved.

During TKA, a tourniquet is often used in combina-
tion with blood repellent in the lower extremity. Through
physical squeezing, extrusion can cause ischemia and
hypoxia of the targeted limb, and further release inflam-
matory factors. Moreover, some hidden blood loss
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Fig. 4 The HSS scores, KSS, and knee ROM pre- and post-TKA. (*** P<0.001)




Wei et al. BMC Musculoskelet Disord (2021) 22:856

can penetrate into the tissue space through extrusion,
resulting in postoperative pain and swelling of the tar-
geted limb, thus affecting early postoperative functional
exercise. Lower extremity lifting is a safe and effective
method to expel blood and can significantly reduce intra-
operative muscle injury, postoperative swelling, and pain
compared with extrusion to expel blood [22]. The use of
a tourniquet during TKA can clear the visual field clear
and facilitate surgery, but can often cause postopera-
tive pain and discomfort in the thigh muscles of the tar-
geted limb [23]. It had been indicated that the non-use
of tourniquets during TKA can reduce muscle and soft
tissue injury in the targeted limb, relieve postoperative
thigh muscle pain, shorten the length of hospital stay, and
thus promote the early functional recovery of the oper-
ated knee [24]. In this study, the lower limbs were lifted
for 30s to expel blood during the operation and the blood
was not extruded using a blood drive belt. The minimally
invasive midvastus approach was used to reduce injury
to the quadriceps femoris. Patients in the ERAS group
were treated with tourniquets periodically to minimize
disturbance to the extensor device, reduce the postopera-
tive reaction of the quadriceps femoris, effectively control
swelling and pain, and accelerate rehabilitation.
Tranexamic acid, an antifibrinolytic drug, can play a
hemostatic role by inhibiting the activation of plasmino-
gens and reducing fibrinolytic activity [25]. Huang et al.
[26] found that the intravenous infusion of tranexamic
acid combined with local administration during the
perioperative period of TKA could effectively reduce
the bleeding and blood transfusion rates more than sim-
ple intravenous infusion or local application. Moreover,
some studies found that tranexamic acid could signifi-
cantly reduce the amount of blood loss and the risk of
blood transfusion during TKA. However, there was no
significant difference in the hemostatic effect among
different methods of administration (such as oral,
local, intravenous, or combined administration), vari-
ous amounts, and frequency [27, 28]. In this study, 1g
tranexamic acid was injected intravenously 30 min before
the operation, combined with local irrigation using 0.5g
tranexamic acid during the operation, which achieved a
satisfactory intraoperative hemostasis effect. In addition,
the use of “cocktail” therapy during TKA can reduce the
use of morphine drugs and achieve the effect of postop-
erative prophylactic analgesia. The formula for the “cock-
tail” varied, but the main drug was ropivacaine, which is
mainly used for blocking sensory nerves without affect-
ing movement when used in small doses [29]. In this
study, we prepared a “cocktail” by mixing 20ml (150 mg)
of 0.75% ropivacaine and 1ml (5mg) of dexamethasone
with normal saline added up to 60ml, and injected it
into the joint capsule, extensor device, patellar ligament,
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muscle, and subcutaneous tissue around the knee joint,
which resulted in a satisfactory postoperative prophylac-
tic analgesia effect.

Postoperative urinary retention is one of the most
common complications in the perioperative period for
TKA, and urinary catheter indwelling may be required
if urinary retention occurs. As an invasive operation, an
indwelling urethral catheter may damage the urethral
mucosa and cause urinary tract infection, increasing the
risk of periprosthetic infection after TKA [30]. In addi-
tion, the physical and psychological discomfort caused
by indwelling catheters would delay walking and early
rehabilitation exercise, as well as the time of hospital
discharge [31]. Studies have demonstrated that the post-
operative hospital stay and incidence of postoperative
urinary tract infection are significantly lower in patients
without indwelling catheters [32, 33]. In the current
study, patients following the ERAS protocols could drink
carbohydrate drinks 2 h before surgery, walk with a walk-
ing aid about 2h after surgery, and eat food 2—4h after
surgery, which greatly reduced the fluid demand during
the perioperative period and the risk of postoperative
urinary retention.

The placement of drainage following TKA also affects
early walking and functional exercise by patients. Stud-
ies found that without indwelling drainage after TKA, the
amount of postoperative blood loss, the time the patients
got out of bed, and the length of hospital stay were sig-
nificantly reduced [34, 35]. In this study, all potential
bleeding sites were carefully and appropriately handled
before closing the incision and drainage tubes were not
placed. After surgery, the targeted limbs were wrapped
with elastic bandage; hence, bleeding from some small
blood vessels could be controlled depending on the pres-
sure in the joint cavity. Although the intraoperative blood
loss in the ERAS group was significantly higher than
that in the Control group (negligible), the blood loss in
the ERAS group was acceptable in clinical practice. The
use of an electronic PCIA pump after surgery can make
postoperative functional exercise more comfortable, cou-
pled with the contributions from tranexamic acid and the
drug “cocktail” during the operation, the use of intrader-
mal sutures with no need for suture removal, no catheter
placement, and no drainage tube. Patients in the ERAS
group drank pure fruit juice at the PACU about 2h after
the operation and started walking at about 2 h postopera-
tively. The first postoperative straight leg elevation time
and the average postoperative hospital stay in the ERAS
group were significantly shorter than those in the Con-
trol group. Moreover, the VAS scores for the ERAS group
were significantly lower than those for the Control group
on days 1, 2, and 7, postoperatively. The HSS scores, KSS,
and knee ROM in the ERAS group were significantly
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better than those in the Control group 1 month postop-
eratively, indicating satisfactory early clinical efficacy.

However, there were some limitations in this study.
First, due to the sample size was small, the ERAS pro-
tocols improved the short-term postoperative clini-
cal results within 1 month, so the larger studies with a
multi-center design are needed in the future. Secondly,
the clinical effects of ERAS in this study were the cumu-
lative results of several optimization schemes, but the
specific effects of each scheme were not investigated.
Thirdly, the study was not a double-blinded trial, as the
surgeons and patients were not blinded to the specific
intervention. However, the researchers who assessed the
clinical outcomes and analyzed the data were completely
independent.

Conclusions

ERAS improved the post-surgical outcomes after TKA
via the midvastus approach, including early postoperative
knee joint function and activity. The patients in the ERAS
group could start walking earlier and safely, and per-
formed early functional exercise comfortably after TKA,
resulting in enhanced satisfaction.

Abbreviations

ERAS: Enhanced recovery after surgery; TKA: Total knee arthroplasty; VAS score:
Visual analogue scale score; HSS score: Hospital for Special Surgery score; KSS:
Knee Society score; BMI: Body mass index; CT: Computed tomography; IPACK:
The popliteal artery and capsule of the knee; PCIA: Patient-controlled intrave-
nous analgesia; PACU: Postanesthesia care unit.

Acknowledgements
The authors would like to thank Yuling Peng for data collection.

Authors’ contributions

BW, CT, and LW: study design and performance. XL, RL, LH and SZ: data col-
lection and analysis. YX and QY: data interpretation. BW: drafting manuscript.
LW: revising manuscript content and approving the final version of the manu-
script. All authors approved the final manuscript.

Funding

This study was supported by the National Natural Science Foundation of
China (No. 81702148, 81972042, and 81702205) and the Natural Science
Foundation of Jiangsu Province of China (No. BK20170139). The funding
bodies played no role in the design of the study and collection, analysis, and
interpretation of data and in writing the manuscript.

Availability of data and materials
All the data and material are saved in an anonymized repository file folder and
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The Institutional Review Board approval of Nanjing First Hospital were
obtained before initiating this study (KY20170418-02). The written informed
consents were obtained from all participants included in the study.

Consent for publication
Not applicable.

Page 8 of 9

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Orthopaedic Surgery, Nanjing First Hospital, Nanjing Medical
University, Nanjing 210006, Jiangsu, China. 2Digital Medicine Institute, Nanjing
Medical University, Nanjing 210006, Jiangsu, China. >Department of Anesthe-
siology, Nanjing First Hospital, Nanjing Medical University, Nanjing 210006,
Jiangsu, China.

Received: 7 May 2021 Accepted: 22 September 2021
Published online: 08 October 2021

References

1. Palazzuolo M, Antoniadis A, Mahlouly J, Wegrzyn J. Total knee arthroplasty
improves the quality-adjusted life years in patients who exceeded their
estimated life expectancy. Int Orthop. 2021;45(3):635-41.

2. Noble PC, Gordon MJ, Weiss JM, Reddix RN, Conditt MA, Mathis KB. Does
total knee replacement restore normal knee function? Clin Orthop Relat
Res. 2005;431:157-65.

3. Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KD. Patient
satisfaction after total knee arthroplasty: who is satisfied and who is not?
Clin Orthop Relat Res. 2010;468(1):57-63.

4. Klem NR, Smith A, O'Sullivan P, Dowsey MM, Schiitze R, Kent P, et al. What
influences patient satisfaction after TKA? A qualitative investigation. Clin
Orthop Relat Res. 2020;478(8):1850-66.

5. ParviziJ, Nunley RM, Berend KR, Lombardi AV Jr, Ruh EL, Clohisy JC, et al.
High level of residual symptoms in young patients after total knee arthro-
plasty. Clin Orthop Relat Res. 2014,472(1):133-7.

6. Chareancholvanich K, Pornrattanamaneewong C. Does the length of
incision in the quadriceps affect the recovery of strength after total
knee replacement? A prospective randomised clinical trial. Bone Joint J.
2014;96(7):902-6.

7. Kehlet H. Multimodal approach to control postoperative pathophysiol-
ogy and rehabilitation. Br J Anaesth. 1997;78(5):606-17.

8. Husted H, Holm G. Fast track in total hip and knee arthroplasty-experi-
ences from Hvidovre University Hospital, Denmark. Injury. 2006;37:531-5.

9. Jenny JY, Courtin C, Boisrenoult P, Chouteau J, Henky P, Schwartz C, et al.
Fast-track procedures after primary total knee arthroplasty reduce hospi-
tal stay by unselected patients: a prospective national multi-centre study.
Int Orthop. 2021;45(1):133-8.

10. Bouché PA, Corsia S, Nizard R, Resche-Rigon M. Comparative efficacy of
the different surgical approaches in total knee arthroplasty: a systematic-
review and network meta-analysis. J Arthroplast. 2021;36(3):1187-94.

11. Chen KK, Chan JJ, Zubizarreta NJ, Poeran J, Chen DD, Moucha CS.
Enhanced recovery after surgery protocols in lower extremity joint
arthroplasty: using observational data to identify the optimal combina-
tion of components. J Arthroplast. 2021,;50883-5403(21):00243-6.

12. Weimann A, Braga M, Carli F, Higashiguchi T, Hibner M, Klek S, et al.
ESPEN guideline: clinical nutrition in surgery. Clin Nutr. 2017,36(3):623-50.

13. Peters EG, Smeets BJJ, Nors J, Back CM, Funder JA, SommerT, et al.
Perioperative lipid-enriched enteral nutrition versus standard care in
patients undergoing elective colorectal surgery (SANICS II): a multicentre,
double-blind, randomised controlled trial. Lancet Gastroenterol Hepatol.
2018;3(4):242-51.

14. Nygren J, Thorell A, Jacobsson H, Larsson S, Schnell PO, Hylén L, et al.
Preoperative gastric emptying. Effects of anxiety and oral carbohydrate
administration. Ann Surg. 1995;222(6):728.

15. Mortensen K. Consensus guidelines for enhanced recovery after gastrec-
tomy: Enhanced Recovery After Surgery (ERAS) Society recommenda-
tions. BrJ Surg. 2014;101(10):1209-29.

16. Soop M, Nygren J, Myrenfors P, Thorell A, Ljungqvist O. Preoperative oral
carbohydrate treatment attenuates immediate postoperative insulin
resistance. Am J Physiol Endcrinol Metab. 2001,280(4):E576.

17. LiJ,MaY, Xiao L. Postoperative pain management in total knee arthro-
plasty. Orthop Surg. 2019;11(5):755-61.

18. Vora MU, Nicholas TA, Kassel CA, Grant SA. Adductor canal block for knee
surgical procedures: review article. J Clin Anesth. 2016;35:295-303.



Wei et al. BMC Musculoskelet Disord

20.

21.

22.

23.

24.

25.

26.

(2021) 22:856

Laoruengthana A, Rattanaprichavej P, Rasamimongkol S, Galassi M. Ante-
rior vs posterior periarticular multimodal drug injections: a randomized,
controlled trial in simultaneous bilateral Total knee arthroplasty. J Arthro-
plast. 2017;32(7):2100-4.

Kandarian B, Indelli PF, Sinha S, Hunter OO, Wang RR, Kim TE, et al. Imple-
mentation of the IPACK (Infiltration between the Popliteal Artery and
Capsule of the Knee) block into a multimodal analgesic pathway for total
knee replacement. Korean J Anesthesiol. 2019;72(3):238-44.

Sankineani SR, Reddy ARC, Eachempati KK, Jangale A, Gurava Reddy

AV. Comparison of adductor canal block and IPACK block (interspace
between the popliteal artery and the capsule of the posterior knee) with
adductor canal block alone after total knee arthroplasty: a prospective
control trial on pain and knee function in immediate postoperative
period. Eur J Orthop Surg Traumatol. 2018;28(7):1391-5.

Zhang M, Liu G, Zhao Z, Wu P, Liu W. Comparison of lower limb lifting and
squeeze exsanguination before tourniquet inflation during total knee
arthroplasty. BMC Musculoskelet Disord. 2019;20(1):1-8.

Alcelik I, Pollock RD, Sukeik M, Bettany-Saltikov J, Armstrong PM, Fismer

P. A comparison of outcomes with and without a tourniquet in total
knee arthroplasty: a systematic review and meta-analysis of randomized
controlled trials. J Arthroplast. 2012;27(3):331-40.

Mayer C, Franz A, Harmsen JF, Queitsch F, Behringer M, Beckmann

J, et al. Soft-tissue damage during total knee arthroplasty: focus on
tourniquet-induced metabolic and ionic muscle impairment. J Orthop.
2017;14(3):347-53.

Panteli M, Papakostidis C, Dahabreh Z, Giannoudis PV. Topical tranexamic
acid in total knee replacement: a systematic review and meta-analysis.
Knee. 2013;20(5):300-9.

Huang Z, Ma J, Shen B, Pei F. Combination of intravenous and topical
application of tranexamic acid in primary total knee arthroplasty: a pro-
spective randomized controlled trial. J Arthroplast. 2014;29(12):2342-6.

27.

28.

29.

30.

31

33

34.

35.

Page 9 of 9

Fillingham YA, Ramkumar DB, Jevsevar DS, Yates AJ, Shores P, Mullen K,
et al. The efficacy of tranexamic acid in total knee arthroplasty: a network
meta-analysis. J Arthroplasty. 2018;33(10):3090-8.e1.

Maniar RN, Kumar G, Singhi T, Nayak RM, Maniar PR. Most effec-

tive regimen of tranexamic acid in knee arthroplasty: a prospective
randomized controlled study in 240 patients. Clin Orthop Relat Res.
2012;470(9):2605-12.

Fu PWu Y, Wu H, Li X, Qian Q, Zhu Y. Efficacy of intra-articular cocktail
analgesic injection in total knee arthroplasty-a randomized controlled
trial. Knee. 2009;16(4):280-4.

Dailly S. Prevention of indwelling catheter-associated urinary tract infec-
tions. Nurs Older People. 2011;23(2):14-9.

lorio R, Healy WL, Patch DA, Appleby D. The role of bladder catheteriza-
tion in total knee arthroplasty. Clin Orthop Relat Res. 2000;380:80-4.

. Huang Z, Ma J, Shen B, Pei F. General anesthesia: to catheterize or not? A

prospective randomized controlled study of patients undergoing total
knee arthroplasty. J Arthroplast. 2015;30(3):502-6.

Karason S, Olafsson TA. Avoiding bladder catheterisation in total knee
arthroplasty: patient selection criteria and low-dose spinal anaesthesia.
Acta Anaesthesiol Scand. 2013;57(5):639-45.

Adalberth G, Bystrém S, Kolstad K, Mallmin H, Milbrink J. Postoperative
drainage of knee arthroplasty is not necessary: a randomized study of 90
patients. Acta Orthop Scand. 1998;69(5):475-8.

Zhou K, Wang H, Li J, Wang D, Zhou Z, Pei F. Non-drainage versus drain-
age in tourniquet-free knee arthroplasty: a prospective trial. ANZ J Surg.
2017,87(12):1048-52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Enhanced recovery after surgery protocols in total knee arthroplasty via midvastus approach: a randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Inclusion and exclusion criteria
	Grouping, randomization and outcomes
	Preoperative preparation and evaluation
	Surgical procedure
	Postoperative management and evaluation
	Statistical analysis

	Results
	Demographic information
	Clinical outcomes

	Discussion
	Conclusions
	Acknowledgements
	References


